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A b strac t
The p ro g ram  objective is  to b reed  the m ilk fish , Chanos chanos 
(F orskal), in captiv ity  and to ra is e  the fry  from  the egg, undertaking 
any re s e a rc h  and developm ent which m ay be n e c e ssa ry  to a tta in  that goal.
In th is , the f i r s t  y e a r  of the p ro jec t, eight very  m atu re  fish  w ere 
cap tured  and deem ed ready for final spawning inducem ent. One fish  
(with eggs 0.818 m m  in d iam ete r) hydrated  and w as p a rtia lly  ovulated 
by two in jections of 25 mg salm on gonadotrophin SG- G100. The eggs 
we re  not fe rtiliz ed . The in jection  p rocedure  or  excessive  handling and 
sam pling of th ree  o th er fish  re su lted  in  e a r ly  a tre s ia  (reabsorp tion) 
of the oocytes. Two fish  died from  the sam pling and handling 
p ro ced u re s , and two proved to be too im m ature  with eggs below 0 .6  m m  
in d iam e te r.
P re lim in a ry  re s u lts  indicate that oocytes of 0 .8  m m  and above 
a re  a t a c r itic a l stage (or beyond) a t w hich im m ediate  hypophysation 
is  needed. Injection cannot be delayed. E xcessive handling o r s tre s s  
a t th is stage causes rap id  a tre s ia  of the oocytes. It ap p ea rs  that 
oocytes of about 0 .7  m m  a re  m ore  suitable for reacting  positively  
to in jec tions. The size of an ovulated egg is  about 1 .2 m m  in d iam e te r.
The level and dose ra te  of SG-G100 used for m u lle t (20 )µ g /g  
body weight) appears  too high fo r the m ilk fish . A dose of betw een 
12 and 15 µg /g  body w eight is  suggested a t p re sen t.
A re s id en t population of adu lts  of vary ing  ages, num bering over 
50 fish , has been assem b led . Some w ere  brought from  the island  
of Hawaii to Oahu by land and sea  involving 18 hours of tra v e l. All 
survived the journey . Consequently a sm all operating sa te llite  
field cen ter has been estab lish ed  on Hawaii.
A. to ta l of 179 dead adult fish have been used  for  future com pilation 
of age, w eigh t/leng th , GSI, scale  and o tolith  da ta . A ll of the sam ples
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a r e  s t o r e d .  D e t e r m in a t io n  o f  th e  GS I f o r  H a w a i ia n  f i s h  i n d ic a te d  a  
r a p i d  m a t u r a t i o n  o f  o o c y t e s  a n d  s p e r m a t i d s  in  J u n e ,  w i th  a  p e a k  
s p a w n in g  p e r i o d  in  J u ly  a n d  e a r l y  A u g u s t .
A d u l t  f i s h  h a v e  b e e n  p l a c e d  u n d e r  p h o to p e r io d  a n d  t e m p e r a t u r e -  
r e g u l a t e d  c o n d i t io n s  to  p r o m o t e  m a t u r a t i o n  o u t o f  s e a s o n .
G e n e r a l  h u s b a n d r y  m e t h o d s  h a v e  b e e n  d e v e lo p e d  f o r  a d u l t s  in  
c a p t i v i t y ,  a n d  a  d i e t  f o r m u l a t e d  w h ic h  a p p e a r s  to  b e  a c c e p t a b l e .
T h e  w o r k  o n  h e a l t h  c a r e  i s  p r o v in g  to  b e  v e r y  i n f o r m a t i v e .  
S a fe  h a n d l in g  s y s t e m s  h a v e  b e e n  d e v e lo p e d  u s in g  i c e ,  a n d  h y p o t h e s e s  
m a d e  f o r  th e  r e s u l t s  o f  t h i s  t r e a t m e n t  a n d  g e n e r a l  c o n d i t io n s  o f  
s t r e s s .  A u t o p s ie s  o n  d e a d  f i s h  h a v e  r e v e a l e d  g r o w th s  a n d  e v id e n c e  
o f  h e a r t  a t t a c k  a n d  g a s t r i t i s .  T e c h n iq u e s  u s in g  c o m m e r c i a l l y  
a v a i l a b l e  h u m a n  c l i n i c a l  t e s t  k i t s  a r e  p r o v in g  u s e f u l  i n d i c a t o r s  o f  
s t r e s s ;  f o r  e x a m p le ,  th e  p r e s e n c e  o f  h e m o g lo b in  a n d  k e to n e s  in  th e  
m u c u s  i n c r e a s e s  w i th  s t r e s s .
E y e  l e n s  p r o t e i n  a n a l y s e s  a r e  b e in g  u n d e r t a k e n  to  d e t e r m i n e  
a n y  d i f f e r e n t  r a c i a l  o r i g i n s  o f  m i l k f i s h .
B r o o d s to c k  C o l l e c t io n  a n d  H u s b a n d r y
W ild  F i s h
A l th o u g h  th e  m i l k f i s h ,  Ch a n o s c h a n o s , i s  a n  i m p o r t a n t  c o m p o n e n t  
a n d  s u b s i s t e n c e  p r o d u c t  o f  th e  b r a c k i s h w a t e r  c o a s t a l  p o n d  c u l t u r e  
s y s t e m s  o f  th e  P h i l i p p i n e s ,  I n d o n e s i a  a n d  T a iw a n ,  th e  in d ig e n o u s  f i s h  to  
H a w a i i  g e n e r a t e s  l i t t l e  c o m m e r c i a l  i n t e r e s t . I t  i s ,  h o w e v e r ,  a b u n d a n t  
a n d  i s  c a u g h t  o p p o r t u n i s t i c a l l y  w i th  o t h e r  s p e c i e s  b y  th e  l o c a l  f i s h e r m e n  
a n d  g o e s  f o r  c o n s u m p t io n  p r e d o m i n a n t l y  b y  th e  H a w a i ia n s  a n d  F i l i p i n o s .
C o m m e r c i a l  f i s h i n g  e q u ip m e n t  a n d  m e t h o d s  a r e  t h e r e f o r e  n o t  
c o n d u c iv e  to  th e  c a p t u r e  a n d  s a f e  h a n d l i n g  o f  p o t e n t i a l  b r o o d s to c k  f i s h .  
A s  a  r e s u l t  n e w  t e c h n i q u e s  a n d  m e t h o d s  h a v e  h a d  to  b e  d e v e lo p e d  to  
g iv e  th e  f i s h  th e  g r e a t e s t  c h a n c e  f o r  s u r v i v a l  f o l lo w in g  c a p t u r e .
A  s u r v e y  o f  th e  l o c a l  f i s h e r y ,  f i s h p o n d  o p e r a t o r s ,  o r g a n i z a t i o n s  
a n d  p r i v a t e  c i t i z e n s  w h o  c a p t u r e  th e  m i l k f i s h  w a s  m a d e  to  d e t e r m i n e  th e  
b e s t  l o c a t i o n s  o f  a d u l t s  a n d  j u v e n i l e s  d u r in g  th e  s e a s o n s ,  a n d  th e  c o l l e c t i n g  
g e a r  a n d  m e th o d s  u s e d .  F i g u r e  1 i l l u s t r a t e s  th e  p r i m e  l o c a t io n s  f o r  
a d u l t s  a r o u n d  Oa h u .
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F i g .  1. A d u l t  m il k f i s h  f i s h in g  l o c a t i o n s  i n  O a h u
S o u r c e s  o f  i n f o r m a t i o n  h a v e  in c lu d e d  th e  N a t io n a l  M a r in e  F i s h e r i e s  
S e r v i c e  (H o n o lu lu ) ;  th e  S ta te  o f H a w a i i  D e p a r tm e n t  o f  L a n d  a n d  
N a t u r a l  R e s o u r c e s ,  D iv i s io n  o f  F i s h  a n d  G a m e ;  p a s t  a n d  p r e s e n t  
c o m m e r c i a l  f i s h e r m e n ;  s p o r t s - f i s h e r m e n ;  p o n d  o w n e r s  a n d  o p e r a t o r s ;  
a n d  in d iv id u a l  f i s h e r m e n  w h o  s t i l l  u s e  th e  t r a d i t i o n a l  H a w a i ia n  t h r o w - n e t s .  
O u ts id e  th e  S t a te ,  c o n ta c t  h a s  b e e n  m a d e  w ith  i n d iv i d u a l s  in  th e  
P h i l i p p i n e s ,  F i j i  a n d  T o n g a  f o r  i n f o r m a t io n  on  t h e i r  n a t iv e  t e c h n i q u e s ,  
f i s h  b e h a v i o r  a n d  l i f e  h i s t o r y .  D a ta  r e c e i v e d  i n c l u d e s  m i g r a t i o n  o f  
a d u l t s  a t  s p a w n in g ,  l o c a t io n  a n d  a r r i v a l  o f  j u v e n i l e  s c h o o l s ,  fo o d  
p r e f e r e n c e s  a n d  r e q u i r e m e n t s ,  a n d  n a t u r a l  b e h a v i o r .  F i s h in g  m e t h o d s ,  
g e a r  a n d  a n e c d o t e s  h a v e  a l l  b e e n  d e s c r i b e d .
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A r e v i e w  o f  t h e s u r v e y  i n d i c a t e s  s e v e r a l  s i g n i f i c a n t  f a c t o r s  w h ic h  
c o m p ly  w i th  o u r  ow n  o b s e r v a t i o n s  a n d  e x p e r i e n c e s .  P r i m a r i l y  t h e r e  
w a s  th e  u n i v e r s a l  c o m m e n t  t h a t  a i l  th e  m i l k f i s h  w e r e  n o t  s u s c e p t ib l e  
to  h a n d l in g ,  a n d  t h a t  s t r e s s  c a u s e d  r a p i d  d e a th  p a r t i c u l a r l y  i f  th e  f i s h  
h a d  b e e n  c a p tu r e d  w i th  g i l l  n e t s . F u r t h e r m o r e ,  th e  l a r g e  s i z e a n d  
s t r e n g t h  o f  th e  f i s h  p r e v e n t e d  c o n v e n ie n t  h a n d l in g  a n d  p a r t i c u l a r  
c o n t a i n e r s  f o r  t r a n s p o r t a t i o n  w e r e  n e c e s s a r y .
N o tw i th s ta n d in g  t h e s e  c o m m e n t s ,  th e  p r o x im i t y  o f  th e  n a t u r a l  
s p a w n in g  s e a s o n  in  H a w a i i  ( J u n e  t h r o u g h  A u g u s t )  c o m p e l l e d  a n  
im m e d ia t e  in te n s iv e  f i s h in g  e f f o r t  to  c a p t u r e  a d u l t s  w i th  e x i s t i n g  b o a t s  
a n d  g e a r ,  b u t  u s in g  th e  e x p e r i e n c e  g a in e d  f r o m  m a n y  y e a r s  o f  c a p tu r in g  
th e  g r e y  m u l l e t .  A l th o u g h  l a r g e  a d u l t  m i l k f i s h  a r e  r e p o r t e d  t o f r e q u e n t  
th e  o f f s h o r e  w a t e r s  o f  H a w a i i ,  th e  d e p th s  a r e  b e y o n d  th e  d e s ig n  o f  th e  
f i s h in g  g e a r  a v a i l a b l e ,  a n d  t h e r e f o r e  a  c o n c e n t r a t e d  e f f o r t  w a s  m a d e  
w i th in  th e  m o r e  s h e l t e r e d  w a t e r s  o f  P e a r l  H a r b o r  a n d  K a n e o h e  B a y .
A t p r e s e n t  o v e r  50 l iv e  a d u l t  m i l k f i s h  h a v e  b e e n  c o l l e c t e d  f r o m  
th e  s e a  a n d  a r e  h e ld  a s  p o t e n t i a l  b r o o d s t o c k .  T h e  l a r g e s t  i n d iv id u a l s  
w e ig h  b e tw e e n  10 a n d  12 k g , a n d  m e a s u r e  1 - 1 .2  m  in  l e n g th .  T h e r e  
w e r e ,  in  a d d i t i o n ,  a  f u r t h e r  2 0 l iv e  a d u l t s  w h ic h  w e r e  l o s t  o n e  n ig h t  
d u e  to  s t o r m  d a m a g e  to  th e  t a n k ' s  l i f e  s u p p o r t  s y s t e m s .  T h e  I n s t i t u t e  
h a s  a l s o  c o l l e c t e d  a b o u t  125 l a r g e  j u v e n i l e s  (1- 2 k g )  a s  a  f u tu r e  b r o o d s t o c k  
b e in g  d o m e s t i c a t e d .
S u c c e s s f u l  c a p tu r e  o f  th e  l a r g e  a d u l t s  h a s  b e e n  d u e  to  th e  c a r e f u l  
p r o c e d u r e s  w h ic h  h a v e  b e e n  p r a c t i s e d ,  m o d if y in g  th e  m e t h o d s  u s e d  f o r  
m u l l e t  c a p t u r e .  T h e  p r o c e d u r e  u t i l i z e s  tw o  s m a l l  6 m  b o a t s  a n d  
b e tw e e n  3 a n d  4 m e n .  T h e  n e t  i s  a  2 0 0 x  8 m  d e e p  g i l l  n e t  o f  6 .6  
c m  m e s h .  S u c c e s s  w i th  t h i s  m o n o f i l a m e n t  n e t  i s  r e l a t e d  to  w a t e r  
t u r b i d i t y .  In  t u r b i d  w a t e r s ,  f o r  e x a m p le  in  P e a r l  H a r b o r ,  th e  n e t  i s  
i n v i s i b l e  a n d  th e  c a p t u r e d  f i s h  d o  n o t  s t r u g g l e  m u c h .  In  c l e a r  w a t e r s  
th e  n e t  i s  r e a d i l y  v i s i b l e  a n d  a v o id e d  b y  th e  f i s h .  I f  d r i v e n  in to  th e  
n e t  th e  f i s h  s t r u g g l e  h a r d ,  o f te n  b r e a k  th e  n e t  a n d  e i t h e r  e s c a p e  o r  
d a m a g e  t h e m s e l v e s  b e y o n d  r e c a l l .  H o w e v e r ,  s o m e t i m e s  g o o d  f i s h  
a r e  t a k e n  if  th e  n e t  i s  b r o u g h t  in  q u i c k l y .
T h e  f i s h  a r e  t r a n s f e r r e d  b y  d i p - n e t  o r  p a i l  to  a  l a r g e  c i r c u l a r  
7 5 0  l i t e r  h o ld in g  ta n k  o n  o n e  b o a t .  N o m o r e  t h a n  f iv e  a d u l t s  c a n  b e  
h a n d le d  a t  o n c e  a n d  th e  b o a t  i s  d r i v e n  q u ic k ly  to  s h o r e .  A f lo w ­
th r o u g h  w a t e r  s y s t e m  p u m p s  w a t e r  i n to  th e  h o ld in g  ta n k  a n d  e x h a u s t s  
o v e r  th e  s id e .  O n  s h o r e  th e  f i s h  a r e  t r a n s f e r r e d  to  a  1 ,2 0 0  l i t e r  
c i r c u l a r  t a n k  w i th  a  f i r m  c o v e r ,  l o c a t e d  o n  th e  b a c k  o f  a  t r u c k .
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T h e  s t r o n g l y  a e r a te d  w a t e r  in  th e  ta n k  i s  r e d u c e d  in  s a l i n i t y  a n d  
t e m p e r a t u r e  i m m e d i a t e l y  to  a b o u t  18 ‰  a n d  20° C, r e s p e c t i v e l y  b y  
th e  a d d i t io n  o f  a  l a r g e  ic e  b lo c k . T h i s  t r e a t m e n t ,  t o g e t h e r  w i th  th e  
d a r k e n e d  t a n k ,  h e l p s  to  c o u n te r ,  w e  b e l i e v e ,  th e  p h y s io l o g i c a l  
s y m p to m s  o f  s t r e s s .  T h e s e ,  w e  h y p o t h e s i z e ,  a r e  c o n t r a c t i o n  o f  th e  
b lo o d  v e s s e l s  a n d  r e d u c t i o n  o f  o x y g e n  to  th e  b r a i n .
A f in a l  t r a n s f e r  to  a  s h o r e - b a s e d  t a n k  o f  1 6 ,0 0 0  l i t e r s  i s  m a d e ,  
a n d  n e w ly  c a p tu r e d  f i s h  a r e  r e t a i n e d  the r e  f o r  tw o  w e e k s  b e f o r e  
r e m o v a l  to  th e  p e r m a n e n t  f a c i l i t i e s .  T r e a t m e n t  f o r  i n ju r y  i s  m a d e  a t  
t h i s  t i m e .  A w a t e r - s o l u b l e  a n t i b i o t i c  i s  u s e d  f o r  t r e a t m e n t  a t  a  r a t e  
o f  2 00 g / l  u n t i l  l e s i o n s  o r  a b r a s i o n s  a r e  h e a l e d .  R e d u c e d  i n f e c t io n  
f r o m  b a c t e r i a  c a n  b e  a c c o m p l i s h e d  b y  k e e p in g  th e  f i s h  in  l o w e r  
s a l i n i t y  w a t e r .
T h i s  e f f e c t i v e  b u t  l a b o r i o u s  te c h n iq u e  h a s  e n a b le d  th e  s t a f f  a n d  
c o n t r a c t e d  f i s h e r m e n  to  c a p t u r e  in  g o o d  c o n d i t io n  f i s h  u p  to  12 k g  in  
w e ig h t .  A n  e s t i m a t e  o f  th e  c u r r e n t  s u c c e s s  r a t e  i s  a b o u t  50%  o f  a l l  
f i s h  c a p t u r e d .  M o s t  m o r t a l i t i e s  a p p e a r  to  b e  th e  d i r e c t  r e s u l t  o f 
p h y s io l o g i c a l  s t r e s s  a n d  n o t  i n j u r y .  A l l  f i s h  w h ic h  do  n o t  s u r v i v e  
c a p t u r e  o r  d ie  l a t e r  in  c a p t i v i t y  a r e  a u to p s i e d ,  m e a s u r e d  a n d  w e ig h e d .  
T h e i r  g o n a d s  a r e  p r e s e r v e d  f o r  h i s t o l o g i c a l  e x a m i n a t i o n  a n d  s c a l e s  
r e m o v e d  f o r  g r o w th  a n d  a g e  s t u d i e s .  P r e l i m i n a r y  a n a l y s i s  o f th e  
a v a i l a b le  d a ta  s u g g e s t s  t h a t  m i l k f i s h  w i l l  b e  r e a d y  f o r  s p a w n in g  a t  
a b o u t  4 y e a r s  o f  a g e ,  a n d  t h a t  n a t u r a l  g r o w th  in  o p e n  w a t e r s  i s  
a b o u t  15-2 0 c m  p e r  a n n u m .
P o n d  F i s h
A m o n g  th e  m a n y  c o n s t r u c t e d  a n d  n a t u r a l  p o n d s  w h ic h  o c c u r  a lo n g  
th e  c o a s t l i n e s  o f th e  H a w a i ia n  I s l a n d s ,  a  s m a l l  c l u s t e r  o f  n a t u r a l  
a n c h ia l in e  p o n d s  w a s  m a d e  a v a i l a b l e  to  u s  th r o u g h  a  l a r g e  d e v e lo p m e n t  
c o r p o r a t i o n .  T h e  p o n d s  c o v e r  m o r e  t h a n  5 a c r e s  in  a r e a .  B io lo g ic a l ly  
a n d  g e o lo g ic a l ly  th e y  a r e  u n i q u e , o c c u r r i n g  e x c l u s i v e l y  in  r e c e n t  l a v a  
f lo w s  a n d  h a r b o r i n g  b o th  m a r i n e  a n d  b r a c k i s h w a t e r  b i o t a .  T h e  s a l i n i t y  
v a r i e s  b u t  c a n  d r o p  to  a b o u t  7‰  b e c a u s e  o f  s u b s u r f a c e  s p r i n g s .
T h e  s i t e  o f  La h u ip u a a  o n  th e  K o n a  c o a s t  c o n ta i n s  f iv e  i r r e g u l a r  
p o n d s ,  tw o  o f  w h ic h  a r e  c o n n e c t e d  to  th e  o c e a n  o f  s lu i c e  g a t e s .  T h e  
o t h e r s  a r e  n o t  c o n n e c te d  to  th e  s e a  b u t  a t  t i m e s  j o i n  e a c h  o t h e r .  
H i s t o r i c a l l y  t h e s e  p a r t i c u l a r  p o n d s  h a v e  b e e n  u s e d  f o r  h o ld in g  a n d  
r a i s i n g  f i s h ,  p r i n c i p a l l y  m u l l e t ,  m i l k f i s h ,  m o i  a n d  o t h e r  e u r y h a l in e  s p e c i e s .
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A  f i r s t  s u r v e y  o f  th e  p o n d s  w a s  m a d e  in  D e c e m b e r  1974 to  
d e t e r m i n e  th e  a b u n d a n c e  a n d  d i s t r i b u t i o n  o f  f i s h  in  t h e s e  p o n d s .  T h e  
r e s u l t s  s h o w e d  a  s u b s t a n t i a l  s to c k  o f  a d u l t  m i l k f i s h .  F o l lo w in g  
d i s c u s s i o n s  w i th  th e  p o n d  o w n e r s  th e  s to c k s  w e r e  s a f e g u a r d e d  u n t i l  
a  s e c o n d  v i s i t  w a s  m a d e  p r i o r  to  th e  m i l k f i s h  b r e e d i n g  s e a s o n  in  
s u m m e r .
In  J u n e  1975 a  c e n s u s  o f  th e  m a i n  H o p e a ia  F o n d  w a s  m a d e .  
F o r t y  l a r g e  m i l k f i s h  w e r e  c a u g h t  w i th  s e in e  n e t s  a n d  h a n d le d .  A  
t o t a l  o f  34  l a r g e  f i s h  w e r e  m a r k e d  f o r  r e f e r e n c e  w i th  F lo y  t a g s ,  
a n a e s t h e t i z e d  w i th  q u a in a ld in e  s u l f a t e ,  w e ig h e d  a n d  m e a s u r e d .  A 
s a m p le  o f  g o n a d  t i s s u e  w a s  r e m o v e d  th r o u g h  th e  o v id u c t  w i th  a  
p o ly e th y le n e  c a t h e t e r  u s in g  th e  s t a n d a r d  s a m p l in g  p r o c e d u r e  d e v e lo p e d  
f o r  g r e y  m u l l e t .  A n  a d d i t i o n a l  t h r e e  f i s h  w e r e  k i l l e d  a n d  b lo o d  
s a m p l e s ,  e y e  l e n s e s  a n d  o t h e r  t i s s u e s  s a m p le d  f o r  f u tu r e  e x a m i n a t i o n .
A l l  f i s h  w e r e  r e t u r n e d  to  th e  p o n d s ,  e x c e p t  24 w h ic h  w e r e  
r e l o c a t e d  in  a  s m a l l  p o n d  f o r  s u b s e q u e n t  t r a n s p o r t a t i o n  to  th e  I n s t i t u t e .
H o p e a ia  P o n d  i s  a n  i r r e g u l a r  0 . 5 h a  p o n d  n o t  c o n n e c te d  to  th e  
o c e a n .  T h e  m a x i m u m  d e p th  i s  a b o u t  1 .5  m  b u t  m a n y  p a r t s  a r e  
s h a l lo w .  T h e  w a t e r  i s  c l e a r  a n d  s l i g h t ly  b r a c k i s h  (7‰ ) a n d  
s e a w a t e r  p e n e t r a t e s  t h r o u g h  th e  g r o u n d  in to  th e  p o n d  a t  h ig h  t i d e .  
T h e  b o t to m  o f  th e  p o n d , w h ic h  i s  m u d ,  i s  t h ic k ly  c a r p e t e d  w i th  th e  
v a s c u l a r  p l a n t ,  R u p p ia  m a r i t i m a , w h ic h  a p p e a r s  to  b e  th e  p r i n c i p a l  
fo o d  f o r  b o th  th e  m u l l e t  a n d  m i l k f i s h  w h ic h  h a v e  b e e n  s to c k e d  
in  th e  p o n d  in  th e  p a s t .
A lth o u g h  m i l k f i s h  h a v e  b e e n  r e c o r d e d  in  H a w a i i  a n d  e l s e w h e r e  
a s  l a r g e  a s  30  k g  a n d  a l m o s t  2 m  i n  l e n g th ,  l i t t l e  d a ta  i s  a v a i l a b l e  
a s  to  th e  s iz e  a n d  a g e  a t  f i r s t  m a t u r i t y .  M a n y  o f  th e  a d u l t  f i s h  
in  th e  H o p e a ia  P o n d , w h i le  o n ly  3 - 5  k g  in  w e ig h t  a n d  l e s s  t h a n  65 m  
in  l e n g th ,  w e r e  in  f a c t  m a t u r i n g .  M a n y  m a l e s  w e r e  r i p e  w i th  a c t i v e  
s p e r m a t o z o a ,  a n d  th e  f e m a l e s  in  g e n e r a l  s h o w e d  a d v a n c e d  s ta g e  II 
a n d  I I I  o o c y t e s - -  t h a t  i s  th e  y o lk  v e s i c l e  a n d  y o lk  g lo b u le  s t a g e s .  
W h ile  s p a w n in g  i s  n o t  a n t i c i p a t e d  in  s u c h  lo w  s a l i n i t y  w a t e r s ,  th e  
a b i l i t y  o f  f i s h  to  m a t u r e  u n d e r  c a p t iv e  a n d  p o n d  c o n d i t i o n s  a n d  a t  a  
s i z e  m a n a g e a b le  in  th e  l a b o r a t o r y  i s  a n  i m p o r t a n t  p o in t  f o r  a l l  
f u tu r e  b r e e d i n g  w o r k .
A t h i r d  t r i p  w a s  m a d e  to  th e  p o n d s  in  J u ly  to  c o n s t r u c t  a  s m a l l  
l a b o r a t o r y  w i th in  a n  e x i s t i n g  b u i ld in g  o n  s i t e .  A s m a l l  1 .5  k w 
g e n e r a t o r  w a s  i n s t a l l e d  to  r u n  l i g h t s ,  w a t e r  p u m p s  a n d  a i r  c o m p r e s s o r s .  
A p l a s t i c  s w im m in g  p o o l  w a s  i n s t a l l e d  a n d  f i l l e d  c o n tin u o u s ly  w i th  
o c e a n ic  w a t e r ,  d i s c h a r g i n g  in to  th e  n e a r b y  p o n d .
145
T w e n ty  a d d i t i o n a l  l a r g e  f i s h  w e r e  c o l l e c t e d ,  m a r k e d  w i th  t a g s  a s  
b e f o r e  a n d  w e ig h e d  a n d  m e a s u r e d . A l l  f is h  n o t  s h o w in g  a d v a n c e d  s ig n s  
o f  m a t u r i t y  w e r e  r e l o c a t e d  in  o n e  p o n d  f o r  n e x t  y e a r . S ix  m a t u r e  f i s h  
w e r e  r e l o c a t e d  in  th e  s w im m in g  p o o l .  T h e  m o s t  a d v a n c e d  f e m a le  w a s  
s u b s e q u e n t ly  i n j e c t e d  w i th  S G - G 1 0 0  to  in d u c e  th e  f in a l  s t a g e s  o f  s p a w n in g .  
H y d r a t in g  e g g s  w e r e  l a t e r  r e l e a s e d  b y  t h i s  f i s h  s lo w ly  o v e r  a  lo n g  p e r i o d ,  
a n d  t h e s e  w e r e  n o t  f e r t i l i z e d .  S lo w  r e l e a s e  fo l lo w in g  h y p o p h y s a t io n  in  
th e  m u l l e t  i s  a n  i n d i c a t i o n  o f  p r e m a t u r e  s p a w n in g .
A f o u r t h  t r i p  w a s  m a d e  in  A u g u s t  a s  p a r t  o f  a  p la n n e d  r e l o c a t i o n  
o f  th e  l a r g e r  t a g g e d  f i s h  b a c k  to  th e  I n s t i t u t e . T h e  v i s i t  w a s  t im e d  to  
c o in c id e  w i th  th e  s h a k e d o w n  c r u i s e  o f  th e  N a t io n a l  M a r i n e  F i s h e r i e s  
S e r v i c e  v e s s e l ,  th e  T o w n s e n d  C ro m w e ll  th r o u g h  th e  c o o p e r a t i o n  o f  
th e  l o c a l  l a b o r a t o r y  D i r e c t o r .  T h e  f i s h  w e r e  t r a n s p o r t e d  t e n  m i l e s  b y  
r o a d  to  th e  p i e r  a t  K a w a ih a e  in  th e  1,2 0 0  l i t e r  t a n k s .  T h e y  w e r e  th e n  
t r a n s f e r r e d  to  th e  3 ,8 0 0  l i t e r  f i s h  t r a n s p o r t  t a n k s  d e s ig n e d  a n d  u s e d  
b y  th e  N M F S  f o r  tu n a ,  a n d  w e r e  c o n n e c t e d  to  th e  s h i p 's  p u m p s  f o r  
l a r g e - v o l u m e  w a t e r  e x c h a n g e .  T h e  s h ip  th e n  s a i l e d  b a c k  i m m e d ia t e l y  
to  K e w a lo  B a s i n  in  H o n o lu lu  a n d  th e  f i s h  w e r e  s u b s e q u e n t ly  t r a n s p o r t e d  
to  th e  I n s t i t u t e  b y  t r u c k .  T h e  t o t a l  t i m e  f o r  t r a n s p o r t a t i o n  w a s  18 h o u r s  
a n d  n o t  o n e  f i s h  w a s  l o s t .
In  a d d i t io n  to  th e  v o lu m e  o f  e x p e r i e n c e  t h a t  h a s  b e e n  g a in e d  in  
th e  c a p t u r e  a n d  t r a n s p o r t a t i o n  o f  th e  l a r g e r  m i l k f i s h ,  th e  a v a i l a b i l i t y  
o f  t h e s e  r e s o u r c e s  h a s  m a d e  i t  p o s s i b l e  t o u n d e r t a k e  a  g r e a t  d e a l  
o f  l a b o r a t o r y  w o r k  w i th o u t  j e o p a r d i z i n g  f u tu r e  b r e e d i n g  a d u l t s .  O ne 
in v a lu a b le  r e s u l t  ha s  b e e n  th e  b e t t e r  u n d e r s t a n d in g  o f  th e  f e m a le  
r e p r o d u c t o r y  s y s t e m .  A u to p s y  o f  m a t u r e  g r a v i d  f e m a l e s  h a s  s h o w n  
t h a t  th e  e g g s  a r e  r e l e a s e d  th r o u g h  a  f u n n e l  r a t h e r  th a n  t h r o u g h  th e  o v id u c t .  
T h i s  f a c t  h a s  d e m a n d e d  s o m e  c h a n g e  to  th e  e s t a b l i s h e d  s a m p l in g  p r o c e d u r e s  
d e v e lo p e d  f o r  g r e y  m u l l e t ,  a n d  a  s a t i s f a c t o r y  te c h n iq u e  h a s  n o t  y e t  b e e n  
d e v e lo p e d .  T h e  u s e  o f  a  c y s to s c o p e  w a s  c o n te m p la t e d  to  a v o id  a c t u a l  
s a m p l in g ,  b u t  th e  d i m e n s i o n s  o f  th e  a v a i l a b l e  i n s t r u m e n t s  w e r e  to o  b i g .  
T h i s  a n a t o m i c a l  f e a t u r e  a n s w e r s  th e  q u e s t i o n s  o f  p r e v i o u s  s a m p l in g  
d i f f i c u l t i e s  e x p e r i e n c e d  b y  o u r s e l v e s  a n d  o t h e r  w o r k e r s .
In  a d d i t io n  to  th e  L a h u ip u a a  P o n d s ,  f u r t h e r  c o n ta c t  a n d  i n f o r m a t i o n a l  
e x c h a n g e s  w e r e  m a d e  w i t h  f i s h p o n d  o p e r a t o r s  th r o u g h o u t  th e  S t a t e .  S o m e  
w e l l  a d v a n c e d  f i s h  w e r e  o b ta in e d  f r o m  t h e o w n e r  o f  th e  M o l i i  P o n d  in  
K a n e o h e  B a y , a b o u t  t e n  m i l e s  f r o m  t h e I n s t i t u t e .  T h e s e  f i s h  w e r e  a l s o  
s a f e l y  t r a n s p o r t e d  b a c k  to  th e  I n s t i t u t e  t a n k s  b y  t r u c k .
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A g r e a t  d e a l  o f  a s s i s t a n c e  w a s  p r o v id e d  b y  p r i v a t e  i n d iv id u a l s  
in  th e  S ta te ,  p a r t i c u l a r l y  f r o m  th e  H a w a i ia n s  w h o  s t i l l  t a k e  m i l k f i s h  
b y  th e  t r a d i t i o n a l  t h r o w - n e t s . T h e  l a c k  o f  a  m o b i l e  f o r c e  to  t a k e  
a d v a n ta g e  o f t h e i r  c a p t u r e d  a n i m a l s  m a d e  t h i s  s o u r c e  o f  a d u l t s  
i m p r a c t i c a l  to  fo llo w .
A p a r t  f r o m  th o s e  f i s h  t a k e n b y  th e  I n s t i t u t e  s t a f f ,  a l l  o t h e r  
f i s h ,  b o th  a l iv e  a n d  s u b s e q u e n t ly  d e a d ,  w e r e  p a id  f o r  a t  a n  a d v a n ta g e o u s  
r a t e  to  th e  c o l l e c t o r .  H o w e v e r ,  c e r t a i n  r e s t r i c t i o n s  w e r e  m a d e  a s  to  
w h a t  w a s  a c c e p t a b l e .
J u v e n i l e  F i s h
P o s t - l a r v a l  a n d  ju v e n i l e  m i l k f i s h  w e r e  c o l l e c t e d  a t  v a r i o u s  
l o c a t i o n s  a r o u n d  O a h u  f o r  d a ta  o n  g r o w th ,  b e h a v i o r ,  n u t r i t i o n a l  
r e q u i r e m e n t s  a n d  d i s e a s e ,  a n d  a l s o  f o r  t r a d e  w i th  t h e  p o n d  o p e r a t o r s  
in  e x c h a n g e  f o r  t h e i r  l a r g e r  f i s h .  T h e s e  j u v e n i l e s  s h o u ld  t h e n  b e c o m e  
th e  r e s o u r c e s  s e v e r a l  y e a r s  f r o m  n o w .
T h e  p o s t - l a r v a e ,  12 -16 m m  in  l e n g th ,  a r e  a l m o s t  t r a n s p a r e n t  w i th  
p i g m e n t  c o n f in e d  to  th e  h e a d  a n d  g u t r e g i o n s .  T h e y  a r e  u s u a l l y  fo u n d  
in  th e  u p p e r  r e a c h e s  o f  s t r e a m s  in  w a r m  s h a l lo w  w a t e r s  f e e d in g  o n  
d i a t o m s ,  o r g a n i c  s e d i m e n t s  a n d  a l g a e . P i g m e n t a t i o n  o f  th e  b o d y  i s  
c o m p le te  a f t e r  a b o u t  t h r e e  w e e k s  o f  i n s h o r e  l i f e  a n d  th e  j u v e n i l e s  b e tw e e n  
2 5 - 30  m m  in  l e n g t h  m o v e  d o w n s t r e a m  in to  d e e p e r  w a t e r s ,  D u r in g  
t h i s  p e r i o d  th e  f i s h  c a n  b e  c a p t u r e d  e a s i l y  w i th  f in e  n e t s  a n d  t r a n s p o r t e d  
w i th  l i t t l e  l o s s  o f  l i f e .  T h i s  i s  a  d i s t i n c t  c o n t r a s t  t o th e  h a n d l in g  
o f  th e  o l d e r  f i s h .
J u v e n i l e  r e c r u i t m e n t  h a s  a lw a y s  b e e n  a n  i n d i c a t o r  o f th e  n u m b e r s  
a n d  r e p r o d u c t i v e  s u c c e s s  o f  th e  a d u l t s  a t  s e a .  Ob s e r v a t i o n s  b y  I n s t i t u t e  
s t a f f  th r o u g h  th e  y e a r s  in d ic a te  t h a t  th e  f i s h  h a v e  o n ly  o n e  s p a w n in g  
p e r i o d  in  th e  y e a r  ( J u n e  to  A u g u s t) ,  a n d  t h a t  th e  l o c a l  p o p u la t io n ,  
w h i le  n o t  l a r g e ,  i s  p r o b a b l y  s u f f i c i e n t  to  p r o d u c e  p r o g e n y  a n n u a l ly  
to  m a i n t a i n  t h i s  p o p u la t i o n .
E v id e n c e  i n d i c a t e s  th a t  a c t u a l  s p a w n in g  i s  c y c l i c  w i th in  th e  
s p a w n in g  p e r i o d  a n d  r e l a t e d  to  l u n a r  p e r i o d i c i t y .  T h i s  i s  m o s t  a p p a r e n t  
f o r  o b s e r v a t i o n s  o f  p o n d  f is h  w h e r e  h e r e  i s  a c c e s s  to  o c e a n  w a t e r s .  
T h r o u g h o u t  th e  y e a r ,  f o r  e x a m p l e ,  t h e  l a r g e  f i s h  in  th e  M o l i i  P o n d  in  
K a n e o h e  B a y  a r e  n o t  s e e n  o r  c a u g h t  n e a r  th e  p o n d  g a te s .  H o w e v e r ,  
c o i n c i d e n ta l  w i th  tw o  c o n s e c u t iv e  h ig h  t i d e s  (a n d  t h u s  n e w  m o o n s ) ,  t h e  l a r ­
g e s t  f i s h  m o v e d  t h r o u g h  to  th e  g a t e s  in  a n  a t t e m p t  t o go  to  s e a ,  p r e s u m a b l y  
to  s p a w n . A l th o u g h  t h e s e  p a r t i c u l a r  f i sh d id  n o t  g e t  o u t  to  s e a ,  th e  
f i r s t  p o s t - l a r v a e  w e r e  r e c o r d e d  in  th e  a r e a  a b o u t  f o u r  w e e k s  l a t e r .
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L ig h t  a n d  t e m p e r a t u r e  d a ta  o f  th e  e n v i r o n m e n t  w h e r e  s p a w n in g  i s  
b e l i e v e d  to  o c c u r  a r e  b e in g  c o l l e c t e d  to  e s t a b l i s h  th e  c o n t r o l l e d  c o n d i t i o n s  
f o r  b r e e d i n g  f i s h  o n  a  y e a r - r o u n d  b a s i s .
A  f in a l  c o l l e c t i o n  o f  j u v e n i l e s  w a s  m a d e  in  N o v e m b e r .  M a n y  o f  
t h e s e  j u v e n i l e s  w e r e  r e l e a s e d  in to  p o n d s  f o r  f u tu r e  u s e  in  th e  p r o j e c t .  
A  g r e a t  d e a l  o f  a s s i s t a n c e  h a s  b e e n  o b ta in e d  f r o m  th e  o w n e r s  o f  th e  
p o n d s  a r o u n d  O a h u  a n d  o t h e r  i s l a n d s ,  f o r  b o th  f i s h  a n d  th e  b e h a v i o r a l  
o b s e r v a t i o n s .
H u s b a n d r y  o f  C a p t iv e  S to c k
A v i t a l  i m p o r t a n c e  i s  th e  m a i n t e n a n c e  o f  a  h e a l t h y  s to c k  in  
c a p t i v i t y  i f  th e  f i s h  a r e  e x p e c t e d  to  b r e e d .  L i t t l e  i s  k n o w n  o f  th e  
q u a l i t a t i v e  a n d  q u a n t i t a t i v e  r e q u i r e m e n t s  o f  th e  m i l k f i s h  d i e t .
In  n a t u r e ,  th e  m i l k f i s h  i s  a c c e p t e d  to  b e  a  h e r b i v o r e  f e e d in g  o n  
d i a t o m s ,  o r g a n i c  m a t e r i a l  a n d  v a r i o u s  a l g a e .  In  c e r t a i n  f a r m  p o n d s  
in  S o u t h e a s t  A s i a  a n d  a r o u n d  H a w a i i ,  t h e  m i l k f i s h  a r e  k n o w n  to  f e e d  
d i r e c t l y  o n  r a w  s e w a g e .  L a r g e  s c h o o l s  d o  c o n g r e g a t e  a r o u n d  th e  
s e w a g e  o u t f a l l s .  T h e s e  a r e a s  a r e  w e l l  k n o w n  f i s h in g  l o c a l e s  b u t  th e  
f i s h  a r e  c a u g h t  o n  r o d  a n d  l i n e .  T h e  l o c a t i o n s  a r e  u n s u i t a b l e  f o r  
n e t t i n g  g e a r .
T h e  m o r e  p r a c t i c a l  f e e d s  u s e d  f o r  th e  h e r b i v o r o u s  c a p t iv e  f i s h  
a r e  m o d i f i c a t i o n s  o f  th e  p e l l e t i z e d  f e e d s  u s e d  f o r  t r o u t  a n d  c a r f i s h .  
F u r t h e r ,  l e s s  p r o t e i n a c e o u s  d i e t s  h a v e  b e e n  d e v e lo p e d  b y  th e  I n s t i t u t e  
f o r  s u c h  f i s h .
A l l  b r o o d s t o c k  f i s h  a r e  u s u a l l y  r e t a i n e d  in  th e  l a r g e r  s w im m in g  
p o o l  t a n k s  o r  o p e n  d i r t  p o n d s  l in e d  w i th  a  b u ty l  r u b b e r  l i n e r .  T h e  
p o o l s  a n d  t a n k s  a r e  u n d i s t u r b e d  to  a l lo w  a  n a t u r a l  g r o w th  o f  v e g e t a t i o n s  
f o r  th e  f i s h  to  b r o w s e  o n . T h i s  d i e t  i s  s u p p le m e n te d  w i th  a  p r e p a r e d  
f e e d  m a d e  i n  th e  l a b o r a t o r y .  O ne s u c h  d i e t  s u p p le m e n t  b e in g  d e v e lo p e d  
c o n s i s t s  o f  th e  fo l lo w in g  i n g r e d i e n t s .
W h e a t  m id d l in g s 55%
C o t to n s e e d  m e a l 14%
S o y  b e a n  m e a l 14%
T u n a  f i s h  m e a l 14%
P r o p y le n e  g ly c o l 1 .4 %
V i s o r b i n  ( V i ta m in  B C o m p le x ) 1 .4 %
V i ta m in  p r e - m i x 0 .2 %
T h e  i n g r e d i e n t s  a r e  m i l l e d  to  0 .5  m m  s iz e  a n d  s t o r e d  d r y .  W h e n  
n e e d e d ,  th e  f e e d  i s  m ix e d  to  a  d o u g h  w i th  w a t e r  a n d  fe d  a t  a  r a t e  o f  
a b o u t  0 .7 5  k g  p e r  d a y  p e r  25 l a r g e  f i s h .  T h e  a p p r o x i m a t e  c o s t  o f 
th e  f e e d  i s  35  c e n t s  p e r  k g .
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E n v iro n m e n ta l R e g u la tio n  o f C a p tive  S tock
A  s e c tio n  o f the E n v iro n m e n ta l C o n tro l L a b o ra to ry  has been 
is o la te d  f o r  a n u m b e r o f a d u lt  f is h  to  be su b je c te d  t o c o n tro lle d  
te m p e ra tu re  and p h o to p e r io d  re g u la t io n  to  enco u rage  egg m a tu ra t io n  
ou t o f season. The c o n t ro ls  fo r  the p e r io d  have been  se t a t  26°C  
and 18L /6 D  p h o to p e r io d . A to ta l o f s ix  f is h  a re  b e in g  m a in ta in e d  
u n d e r these  c o n d it io n s  and fed  d a i ly  w ith  the  p re p a re d  d ie t .
Induced  B re e d in g
Data
D u r in g  the y e a r  a m o n th -b y -m o n th  f is h in g  e f fo r t  w as  m a in ta in e d  
f o r  the c a p tu re  o f b lo o d s to c k  and fo r  the a c c u m u la t io n  o f s ta t is t ic a l 
da ta  on the b re e d in g  c y c le  o f m i lk f is h  in  H a w a iia n  w a te r s .  The 
s u m m a ry  data  is  d e ta ile d  in  T a b le  1.
T ab le  1. M o n th ly  Gonado -S o m a tic  In d e x  (GSI)
M o n th
M a le  s F e m a le s
GSI sd m ean sd n GSI sd m ean sd n
Jan 0 .193 0.49 0 .0 8 5 .3 0. 2 5 0 .119 0.2 05 3
Feb 0.2 0 0 0 1 0 .1 1 5 0. 085 0. 120 2
M a r 0. 03 0 0 1 0 . 435 0.0 76 0 .1 5 2 4
A p r 0 .0 4 6 0. 009 0 . 02 5 0 .3 0 6 0 .0 6 0 0. 158 7
M a y 0 .1 20 0.0 4 0. 057 0 .3 8 5 0 .0 4 5 0 .0 6 4 2
June 0 .0 3 8 0. 005 0. 018 15 0 .171 0. 020 0 .0 7 9 15
J u ly 3 . 285 0. 095 0 .134 2 3 .1 8 0 0 1
A u g * 0 1 .345 0 . 299 0 .5 9 7 4
A u g * * 0. 043 0. 009 0 .0 28 9 0 .1 7 5 0 .044 0. 138 10
Sep 0.0 91 0 . 027 0 .1 1 9 19 0 .3 6 9 0. 055 0.2 58 22
O ct 0 .0 8 0 .041 0 .1 3 5 11 0.2 50 0 .0 21 0 .0 9 8 2 1
N ov 0. 068 0 .031 0. 008 6 0.412 0. 114 0 .3 6 2 10
Dec 0 .0 0 4 0 0 1
(75)
0 .3 5 7 0. 153 0.2 65 3
(104)
* E a r ly
* * L ate
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T h e  G S I i s  th e  m o s t  p r a c t i c a l  m e a s u r e  o f m a t u r i t y  d e v e lo p m e n t  
b y  f i s h e r y  b i o l o g i s t s  a n d  c a r  b e  e x p r e s s e d  b y :
G SI = w  ( w e ig h t  in  g f o r  b o th  g o n a d s )  x  100
W (b o d y  w e ig h t  in  g)
T h e  G S I d e s c r i b e d  in  g r a p h i c  f o r m  ( F ig .  2 ) c l e a r l y  i n d i c a t e s  
th e  n a t u r a l  s e a s o n  i n  H a w a i ia n  c o a s t a l  w a t e r s  c o m m e n c in g  in  J u n e  
a n d  t e r m i n a t i n g  t o w a r d  th e  e n d  o f A u g u s t .  J u ly  a n d  e a r l y  A u g u s t  
a r e  u n q u e s t io n a b ly  th e  p e a k s  o f  s p a w n in g  a c t i v i t y  in  H a w a i i .  A l th o u g h  
tw o  i n d iv id u a l  s p a w n in g  p e r i o d s  h a v e  b e e n  a t t r i b u t e d  to  m i l k f i s h  in  th e  
w a t e r s  o f  I n d o n e s ia  ( o r  t h e r e  a r e  tw o  s e p a r a t e  r a c e s ) ,  a n d  lo n g  s in g le  
s p a w n in g  p e r i o d s  a r e  a t t r i b u t e d  to  f i s h  o f  I n d ia ,  th e  P h i l i p p i n e s  a n d  
S o u th e a s t  A s i a ,  in  H a w a i i  a n d  o t h e r  P a c i f i c  I s l a n d s ,  f o r  e x a m p le  
F i j i ,  t h e r e  i s  o n ly  o n e  c l e a r l y  d e f in e d  a n d  s h o r t  p e r i o d  o f  tw o  m o n th s .
F i g .  2 .  M o n th ly  g o n a d o - s o m a t i c  in d e x  o f th e  m i l k f i s h
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O b s e r v a t i o n s  o f  f i s h  w i th in  l o c a l  c o a s t a l  f i s h p o n d s  in  M a y  a n d  
J u n e  i n d ic a te  th e  s t r o n g e s t  d e s i r e  o f  th e  f is h  to  e s c a p e  to  s e a .  L a r g e  
f i s h  m o v e  to w a r d  th e  o u t l e t s  o f  th e  p o n d  w h e r e  th e y  c a n  b e  r e a d i l y  
c a u g h t  in  th e  t r a p s  a t  th e  g a t e s  T h e s e  f i s h  in  f a c t  p r o v e d  to  b e  a n  
i m p o r t a n t  c o n t r i b u t i o n  t o m a t u r e  b r o o d s t o c k .
T h e  w e ig h t  o f  th e  f i s h  s h o w in g  s ig n s  o f  m a t u r a t i o n  p r o v e d  
i n t e r e s t i n g .  H i s t o r i c a l  r e c o r d s  in  th e  l i t e r a t u r e  i n d ic a te  t h a t  th e  
s m a l l e s t  m a t u r e  f e m a l e s  a r e  a b o u t  70  c m  in  l e n g th  ( a b o u t  4 ,500  in  
w e ig h t ,  o r  10 lb ) .  M a tu r e  f e m a le  f i s h  t a k e n  in  H a w a i i  p r o v e d  to  b e  
m u c h  s m a l l e r ,  e v e n  a s  s m a l l  a s  60  c m  in  le n g th  a n d  w e ig h in g  o n ly  
2, 500  g . T h e  s c a l e s  o f  th e  f i s h  h a v e  b e e n  t a k e n  b u t  d a ta  o n  a c t u a l  
a g e  h a s  s t i l l  to  b e  p r o d u c e d .
P o n d  f i s h  s e e m  to  m a t u r e  s l i g h t ly  l a t e r  t h a n  n o n - c a p t i v e s  in  
th e  s e a .  T h i s  w a s  c e r t a i n l y  t r u e  f o r  th e  g r e y  m u l l e t  s p e c i e s .
E g g  S a m p lin g
T h e  in d u c e d  b r e e d i n g  m e t h o d s  d e v e lo p e d  b y  th e  I n s t i t u t e  h a v e  
a lw a y s  d e m a n d e d  tw o  c o n d i t i o n s . T h e s e  a r e ( 1) a n  a c c u r a t e  k n o w le d g e  
o f  th e  e x a c t  s ta g e  o f d e v e lo p m e n t  o f  th e  e g g s  o f  f i s h  a b o u t  to  b e  in d u c e d ,  
a n d  (2) th e  u s e  o f a  s t a n d a r d i z e d  h o r m o n e .  S a m p lin g  a n d  h i s t o l o g i c a l  
s t u d i e s  h a v e ,  o v e r  th e  y e a r s ,  e n a b le d  a n  a c c u r a t e  d e v e lo p m e n t  p i c t u r e  
to  b e  p r o d u c e d  f o r  th e  o o c y te s  o f  the  g r e y  m u l l e t .  T h i s  d e v e lo p m e n t  
s e q u e n c e  h a s  th e n  e n a b le d  g r o s s  o b s e r v e d  p a r a m e t e r s  to  b e  u s e d  a s  th e  
i n d i c a t o r s  f o r  th e  l e v e l ,  d o s e  r a t e ,  a n d  t im e  s e q u e n c e  o f  th e  s t a n d a r d  
h o r m o n e  to  b e  u s e d .
T h e  a p p r o a c h  f o r  th e  m i l k f i s h  m u s t  b e  i d e n t i c a l .  C o n s e q u e n t ly  
t h e  g o n a d s  o f th e  b r o o d s t o c k  f e m a le  f i s h  a r e  s a m p le d  on  a  r e g u l a r  
b a s i s  u s in g  th e  t r a d i t i o n a l  t e c h n i q u e s .  A f in e  p o ly e th y le n e  c a n n u la  i s  
i n s e r t e d  in to  th e  o v id u c t  a n d  a  s a m p le  o f  o o c y te s  i s  w i th d r a w n  b y  
o r a l  s u c t io n .
U n f o r tu n a te ly ,  s a m p l in g  m i l k f i s h  d o e s  n o t  p r o v e  to  b e  s im p l e .  
T h e  g e n i t a l  a n a to m y  o f  th e  m i l k f i s h  d i f f e r s  f r o m  t h a t  o f  th e  g r e y  
m u l l e t  a n d  a p p r o a c h e s  m o r e  th a n  t h a t  o f  th e  s a lm o n .  T h e  o o c y te s  
a r e  r e l e a s e d  t h r o u g h  a  f u n n e l  f r o m  th e  g o n a d , e n t e r  th e  o v id u c t  
c lo s e  to  th e  g e n i t a l  p o r e ,  a n d  a r e  t h e n  e x p e l l e d  t h r o u g h  th e  c l o a c a .  
A s a  c o n s e q u e n c e ,  th e  fu n n e l  d o e s  n o t  p r o v id e  th e  e a s y  s a m p l in g  
p a s s a g e w a y  w h ic h  i s  t r u e  o f  g r e y  m u l l e t ,  a n d  e g g  s a m p l in g  h a s  
p r o v e d  d i f f i c u l t .
151
E g g  s a m p l e s  c a n  b e  o b ta in e d  f r o m  th e  m i l k f i s h  g o n a d s ,  b u t  a r e  
d i f f i c u l t  t o  o b t a i n .  T h e  f in e  c a n n u la  g e t s  l o s t  in  th e  b o d y , c a n  r u p t u r e  
m e m b r a n e s  a n d  b o d y  o r g a n s ,  a n d  m a n y  a t t e m p t s  m a y  h a v e  to  b e  m a d e  
t o  o b t a i n  a n  e g g  s a m p l e  - -  s o m e t i m e s  r e s u l t i n g  in  d e a th  o f t h e  f i s h .
I t  w a s  h o p e d  t h a t  th e  u s e  o f  a  c y s t o s c o p e  w o u ld  m a k e  s a m p l in g  
u n n e c e s s a r y ,  a n d  t h a t  a n  i n t e r n a l  e x a m i n a t i o n  w o u ld  p r o v e  s u f f i c i e n t .  
H o w e v e r ,  a  f in e  e n o u g h  c y s t o s c o p e  is  n o t  y e t  a v a i l a b l e .
E g g s  t h a t  w e r e  s a m p l e d  r e a d i l y  w e r e  m e a s u r e d ,  p r e s e r v e d ,  a n d  
e x a m in e d  h i s t o l o g i c a l l y  u s in g  s t a n d a r d  p r o c e d u r e s  to  d e t e r m i n e  v i t e l l o ­
g e n e s i s  a n d  t o  b e g in  a n  a s s e m b l y  o f  a n  ' a t l a s '  o f  e g g  d e v e lo p m e n t .
E g g  d i a m e t e r  d i s t r i b u t i o n s  o f s o m e  f i s h  b e f o r e  i n j e c t i o n  a r e  
i l l u s t r a t e d  in  F i g .  3 .
F i g .  3 . E g g  d i a m e t e r  d i s t r i b u t i o n
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W o rk  o n  M a tu r e  F e m a l e  F i s h
E ig h t  f i s h  w e r e  d e e m e d  r e a d y  f o r  f in a l  in d u c e d  t r e a t m e n t  in  th e  
s u m m e r .  B a c k g r o u n d  d a t a  o f  th e  f i s h  i s  d e s c r i b e d  in  T a b le  2 .
T a b le  2 . M a tu r e  F e m a l e  F i s h
F i s h  n u m b e r D a te E g g  d i a m e t e r  
m m
S ta g e W e ig h t 
g
7 5 0 7 0 2 -1 7 :8 :7 5 0 .8 7 6 I IIc 2 , 000
2 7 :8 :7 5 0 . 5 7 2 III 3 , 500
7 5 0 7 1 5 -1 7 :1 7 :7 5 0 .8 1 5 I I Ic 5 ,0 0 0
2 7 :1 7 :7 5 0 .7 9 6 I I I c 2 , 750
3 7 :1 7 :7 5 0 . 5 4 5 IIIb
7 5 0 7 1 0 -1 7 : 1 0 :75 0 .8 0 3 I I Ic 6 , 750
7 :1 0 :7 5 0 . 5 4 5 I I Ib 2 , 500
7 5 0 7 7 3 -1 7 : 23 :7 5 0 .8 1 8 I I I c 3 , 500
T h e  s t a g e s  o f d e v e lo p m e n t  u s e d  a r e  t h o s e  d e s c r i b e d  b y  th e  
I n s t i t u t e  f o r  th e  g r e y  m u l l e t .  S ta g e  I I I c i s  t h e r e f o r e  th e  t e r t i a r y  
y o lk  g lo b u le  s t a g e ,  a n d  I I Ib th e  s e c o n d a r y  y o lk  g lo b u le  s t a g e .
T h e  s t a n d a r d  h o r m o n e  u s e d  i s  s a lm o n  g o n a d o t r o p in  S G - G 1 0 0 , 
p r e p a r e d  e x c lu s i v e l y  b y  th e  U n i v e r s i t y  L a b o r a t o r i e s  in  B r i t i s h  
C o lu m b ia  a n d  d e s ig n a t e d  B C R #
D a ta  o n  th e  in d u c e d  s p a w n in g  t e s t s  i s  a s  f o l lo w s  in  T a b le  3 .
T a b le  3 .  I n je c t i o n  D o s e ,  S e q u e n c e ,  a n d  R e s u l t
F i s h  N u m b e r D a te E g g  d i a m e t e r  
m m
D o se  
m g
S ta g e O b s e r v a t i o n
7 5 0 7 1 0 -1 7 :1 0 0 . 8 03 0 I I I M a tu r e
7 :1 2 15
7 :1 5 30
7 :1 6 2 0
7 :1 7 A t r e t i c
7 5 0 7 2 5 -1 7 :1 7 0 .8 1 5 0 I II M a tu r e
7 :21 0 A t r e t i c
7 5 0 7 1 5 - 2 7 :1 7 0 .7 9 6 0 I I I M a tu r e
7 :2 1 0 A t r e t i c
7 5 0 7 2 3 -1 7 :2 3 0 .8 1 8 25 I I I M a tu r e
7 :2 4 25 H y d r a te d
7 :2 5 0 P a r tia l ly  
o v u la te d
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O f the  re m a in in g  fo u r  f is h ,  tw o  (750702-2  and 7 5 0 7 1 0 -2) p ro v e d  
to  be too  im m a tu re  to  be in je c te d  (egg d ia m e te rs  le s s  th a n  0 .6  m m ); 
and tw o  f is h  (750702 -1  and 7 5 0 715 -3 ) d ie d  f r o m  re p e a te d  h a n d lin g  
w h ile  t r y in g  to  o b ta in  egg s a m p le s .
The tw o  f is h  d e ta ile d  above (750715-1  and 7 5 0 7 1 5 -2) im m e d ia te ly  
w e n t a t r e t ic ,  o r  began re a b s o rp t io n  o f  t h e ir  eggs, fo llo w in g  in i t ia l  
h a n d lin g ; and the o the r  f is h  (7 5 0 7 1 0 -1 ) w e n t a t r e t ic  d u r in g  the 
in je c t io n  sequence .
The b e s t r e s u lt  w as  w ith  the s m a ll fe m a le  (75072 3 -1 )  w h ic h  w as 
induced  to  h y d ra te  and o vu la te  w ith  tw o  in je c t io n s  o f 5 m g  o f h o rm o n e  
24 h o u rs  a p a rt.
F ro m  these  p r e l im in a r y  te s ts  i t  seem s c e r ta in  th a t eggs o f  0 . 8 
m m  and above a re  a t the c r i t i c a l  stage o r  beyond , a t w h ic h  im m e d ia te  
h y p o p h y s a tio n  is  needed. In je c t io n  cannot be d e la y e d . E x c e s s iv e  
h a n d lin g  o r  s tre s s  a t th is  stage causes the eggs to  becom e a t r e t ic ,  o r  
re a b s o rb e d . I t  a p p e a rs  th a t  eggs o f abou t 0 .7 7  m m  a re  m o re  s u ita b le  
f o r  re a c t in g  p o s it iv e ly  to  in je c t io n s .  The s ize  o f an o v u la te d  egg is  
1 .2  m m  in  d ia m e te r .
The f i r s t  dose o f in je c t io n  w as m ade at the sam e le v e l and dose 
ra te  as  th a t d eve lop ed  f o r  the g re y  m u lle t ,  n a m e ly  abou t 20 µ g /g  body 
w e ig h t o f the  r e c ip ie n t .  The m i lk f is h  w h ic h  d id  h y d ra te  (7 5 0 7 2 3 -1 ), 
u n d e rw e n t a v e r y  ra p id  la te  d e v e lo p m e n t. T h is  suggests  th a t the  
dose ra te  e s ta b lis h e d  fo r  m u l le t  m a y  he to o  h ig h  f o r  m i lk f is h ,  and 
th a t abou t 12 - 15 µ g /g  body w e ig h t m a y  be o p t im u m . T h is  has som e 
o b v io u s  e c o n o m ic  a d va n ta g e s . The c o s t o f in je c t in g  a m u lle t  fo r  spaw n ing  
is  abou t $80 -  120 p e r  f is h .  A t  the sam e ra te  m i lk f is h  w i l l  be wel l  
o v e r  $500 p e r  f is h ,  because  o f th e ir  la rg e  s iz e . The lo w e r  dose w i l l  
g ive  s ig n if ic a n t  sa v in g s .
H e a lth  C a re  o f C a p tive  F is h  
S tock  I d e n t if ic a t io n
The w o rk  in  s to ck  id e n t if ic a t io n  c o n s is te d  o f the  c o l le c t io n  and 
e le c tro p h o re t ic  p ro c e s s in g  o f eye le n se n u c le i f r o m  d if fe r e n t  f is h e s .  
The p ro te in  p a tte rn s  th a t r e s u lt  f r o m  the p ro c e s s in g  m a y  be used  in  
a n u m b e r o f w a y s . One m a jo r  use is  to  id e n t ify  b re e d in g  p o p u la tio n s  
o f  f is h e s .  F o r  a q u a c u ltu re , the id e n t if ic a t io n  o f b re e d in g  p o p u la tio n s  
h a v in g  c h a r a c te r is t ic s  such as s tre s s  re s is ta n c e  w o u ld  be im p o r ta n t .  
T hese  p o p u la tio n s  w o u ld  be l ik e ly  to  th r iv e  b e t te r  in  c a p t iv i ty .
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T o  d a t e ,  a b o u t  100 p a i r s  o f  l e n s e s  h a v e  b e e n  c o l l e c t e d  f r o m  
m i l k f i s h  a n d  o t h e r  d i f f e r e n t  s p e c i e s ,  a n d  p r o c e s s i n g  i s  u n d e r w a y .  
F o r  th e  p u r p o s e  o f  v i s u a l i z in g  th e  i n f o r m a t io n  f r o m  t h e s e  p a t t e r n s ,  
a  m a p  i s  b e in g  p l a n n e d .  I t  w i l l  a t t e m p t  to  sh o w  th e  r a n g e ,  d i s t r i b u t i o n ,  
s e a s o n a l  v a r i a t i o n s ,  m i g r a t o r y  m o v e m e n t s ,  e t c . ,  o f  f i s h  p o p u la t io n  a s  
th e y  a r e  r e f l e c t e d  f r o m  th e  p a t t e r n s .  T h e  p a t t e r n s  t h e m s e l v e s  w i l l  b e  
s t o r e d  in  a  b o o k  f o r  e a s y  d i s p l a y .
S tu d ie s  o n  S t r e s s
(1 ) O c c u l t  h e m o g lo b in  in  s k in  m u c u s  o f  f i s h
T h e  r e s u l t s  o f e x p e r i m e n t s  s h o w e d  t h a t  w h e n  f i s h  a r e  l e f t  o u t  o f  
th e  w a t e r ,  t h e i r  s k in  m u c u s  p r o d u c e s  p o s i t i v e  r e a c t i o n s  to  a  c o m m e r c i a l  
t e s t  ( ' s t i x ' )  f o r  f r e e  h e m o g lo b in .  O th e r  s t u d i e s  c o n f i r m e d  th a t  th e  
h e m o g lo b in  a p p e a r e d  in  r e s p o n s e  to  s t r e s s  a n d  n o t  o t h e r  f a c t o r s ,  e . g .  
n e w  m u c u s  p r o d u c t i o n .  T h e s e  s t u d i e s  a l s o  d e m o n s t r a t e d  th e  s p e c i f i c i t y  
o f  t h e s e  t e s t s  to  h e m o g lo b in ,  a n d  n o t  t o  o t h e r  s u b s t a n c e s  in  th e  m u c u s .
( 2) K e to n e  b o d i e s  in  s k in  m u c u s
T h e  e x p e r i m e n t s  o n  f r e e  h e m o g lo b in  s u g g e s t e d  th e  p o s s i b i l i t y  
t h a t  s k in  m u c u s  c o u ld  a l s o  r e v e a l  s p e c i f i c  s o u r c e s  o f  s t r e s s  s u c h  a s  
s t a r v a t i o n .  A n  e x p e r i m e n t  w a s  p e r f o r m e d  in  w h ic h  ' s t i x '  w e r e  a g a in  
u s e d ,  b u t  t h i s  t im e  to  d e t e r m i n e  th e  p r e s e n c e  o f  k e to n e  b o d i e s  in  th e  
s k in  m u c u s  o f  s t a r v i n g  m u l l e t  ( a s  a l l  m i l k f i s h  a r e  b e in g  r e t a i n e d  f o r  
b r e e d i n g ) .  T h e s e  m u l l e t  d id  s h o w  p o s i t i v e  r e a c t i o n s  f o r  k e to n e  b o d i e s  
a s  th e  s t a r v a t i o n  p e r i o d  l e n g t h e n e d .  A f t e r  f e e d in g  w a s  r e s u m e d ,  k e to n e  
b o d y  r e a c t i o n s  d e c r e a s e d .
T h e s e  e x p e r i m e n t s  o n  s t r e s s  d e m o n s t r a t e  th e  v a lu e  o f  u s in g  
s k in  m u c u s  o f  f i s h e s  to  q u ic k ly  a s s e s s  t h e i r  h e a l t h .  T h e y  a l s o  sh o w  th e  
c a s e  o f  th e  te c h n iq u e  o f  t e s t i n g  a n d  r e v e a l  th e  p r o m i s e  o f  ' s t i x '  in  
d iag n o sin g  g e n e r a l  a n d  s p e c i f i c  f o r m s  o f  s t r e s s .
F u t u r e  w o r k  o n  s t r e s s  m a y  in c lu d e  th e  f o l lo w in g :  ( 1 ) w o r k in g  o u t  
th e  t im e  r e l a t i o n s h i p s  b e tw e e n  th e  f i r s t  d e t e c t io n  o f  s t r e s s  a n d  
s u b s e q u e n t  a p p e a r a n c e  o f  p a th o l o g i c a l  c o n s e q u e n c e s . T h e s e  c o n s e q u e n c e s  
m a y  in c lu d e  l i p o b l e p h e r i t i e s  in  t h e  m i l k f i s h ,  a b n o r m a l  b e h a v i o r ,  o r  
m o r t a l i t y  i t s e l f ;  ( 2 ) i n v e s t i g a t i n g  w h a t  e f f e c t s  c e r t a i n  c o n d i t i o n s  o f 
c o n ta i n m e n t  m a y  h a v e  in  p r o d u c in g  s t r e s s ;  a n d  (3 ) e x a m in in g  o t h e r  
f i s h  s p e c i e s  f o r  s t r e s s -  a n d  s t a r v a t i o n - a s s o c i a t e d  f r e e  h e m o g lo b in  
a n d  k e to n e  b o d y  p r o d u c t i o n ,  r e s p e c t i v e l y .  In  a l l  c a s e s ,  s t r e s s  s tu d i e s  
c a n  n o t  b e  p e r f o r m e d  u s in g  a  s e n s i t i v e  a n d  q u a n t i f i a b l e  m e a s u r e - -
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th e  c o lo r  c h a n g e  o n  a  p l a s t i c  s t r i p  ( 's t i x ' ) - - w i t h o u t  r e s o r t i n g  to  m o r t a l i t y  
a n d  th e  w a s t e  o f a n i m a l s  t h a t  i t  e n t a i l s .
S u r v e y  o f  N a t u r a l l y  O c c u r r i n g  P a th o lo g y
A u t o p s ie s  f o r  n a t u r a l l y  o c c u r r i n g  d i s e a s e s  w e r e  r o u t i n e ly  p e r f o r m e d  
o n  f i s h e s  a s  t h e i r  l e n s e s  w e r e  b e in g  c o l l e c t e d .  A b o u t  50 a u t o p s i e s  h a v e  
a l r e a d y  b e e n  p e r f o r m e d  o n  m i l k f i s h  a n d  o t h e r  s p e c i e s .
M i lk f i s h  h a v e  b e e n  fo u n d  to  h a v e  a  h ig h  in c id e n c e  o f  a  g r o s s l y  a n d  
h i s t o l o g i c a l l y  i d e n t i f i a b le  g a s t r i t i s .  O f 60  in d iv id u a l s  a u to p s i e d ,  t h i s  
c o n d i t io n  w a s  fo u n d  in  67% . W i th  r e s p e c t  to  l o c a t io n  o f  c a p t u r e ,  th e  
p e r c e n t a g e  o f  a f f l i c t e d  f i s h  r a n g e s  f r o m  38%  to  100% . O th e r  p a r a m e t e r s  
f o r  e x a m p le  f i s h  s i z e ,  s e x ,  e t c . ,  a r e  c u r r e n t l y  b e in g  e v a lu a t e d  f o r  
p o s s ib l e  r e l a t i o n s h i p  to  th e  s to m a c h  c o n d i t io n .
T h e  w e l l  k n o w n  'n e r v o u s n e s s '  o f  th e  m i l k f i s h  m a y  b e  a  m a n i f e s t a t i o n  
o f  th e  s to m a c h  i r r i t a t i o n ,  o r  i t s  c a u s e .  T h e  r o l e  o f t h i s  c o n d i t io n  in  
th e  l o n g - t e r m  h e a l t h  a n d  s u r v i v a l  o f  th e  a n im a l  i s  c u r r e n t l y  b e in g  
e v a l u a t e d .  F o r  e x a m p l e ,  d o e s  th e  s t o m a c h  l in in g  s o m e t im e  s b l e e d ,  
c a u s in g ,  a s  i t  d o e s  in  h u m a n s ,  a n e m i a  o r  e v e n  m o r t a l i t y  i f  e n o u g h  
b lo o d  i s  l o s t  to  l e a d  to  h y p o v o le m ic  s h o c k ?  A p o s s i b l e  p r e v e n t iv e  
i s  a l s o  b e in g  c o n s i d e r e d .
T h e r e  i s  e v id e n c e  t h a t  a  w id e  v a r i e t y  o f  c o n d i t i o n s - - e . g .  s t r e s s ,  
m i c r o b i a l  d i s e a s e ,  t r a u m a ,  m a l i g n a n c y ,  e t c . - -  c a n  l e a d  to  c lo t  f o r m a t i o n  
in  v i v o . I t  h a s  b e e n  s p e c u l a t e d  t h a t  s h o u ld  s u c h  c lo t s  f o r m ,  f r o m  
w h a t e v e r  c a u s e ,  a n d  lo d g e  in  b lo o d  v e s s e l s  to  v i t a l  o r g a n s ,  f o r  e x a m p le  
th e  h e a r t ,  i t  c o u ld  r e s u l t  in  th e  d e a th  o f  f i s h .
T o  e x p lo r e  t h i s  p o s s i b i l i t y  in  m i l k f i s h ,  th e  h e a r t s  a n d  v e n t r a l  
a o r t a s  f r o m  f o u r  in d iv id u a l s  w e r e  a u t o p s i e d .  T h e  v e n t r a l  a o r t a  f r o m  
o n e  o f  t h r e e  o f t h e s e  f i s h ,  a l l  o f  w h ic h  h a d  b e e n  c a u g h t  b y  h o o k  a n d  
l in e  a n d  s t o r e d  f r o z e n  p r i o r  to  a u to p s y ,  r e v e a l e d  s e v e r a l  'o l d ' ,  o r g a n i z e d  
c l o t s .  B e c a u s e  o f  t h e i r  s i z e ,  n u m b e r  a n d  l o c a t io n ,  t h e y  a l m o s t  c e r t a i n l y  
i n t e r f e r e d  to  s o m e  e x t e n t  w i th  th e  o u tf lo w  o f b lo o d  f r o m  th e  h e a r t .  
M o s t  d r a m a t i c ,  h o w e v e r ,  w e r e  t h e h e a r t s  f r o m  th e  r e m a i n i n g  tw o  f i s h  
in  t h i s  g r o u p  a n d  a  f o u r t h  f i s h ,  w h ic h  d i e d  o f  u n k n o w n  c a u s e s  a f t e r  
t h r a s h i n g  a b o u t  in  a  p o n d  f o r  a p p r o x i m a t e l y  o n e  h o u r .  T h e s e  h e a r t s  e a c h  
c o n ta in e d  a  f a i r l y  f r e s h  c lo t  t h a t  w a s  s o l id ly  i m p a c te d  in  th e  c o n u s  
a r t e r i o s u s .  T h e r e  w a s  n o  q u e s t i o n  t h a t  t h i s  c lo t  c o m p le te ly  s e a l e d  th e  
o u tf lo w  t r a c t  f r o m  th e  h e a r t ,  a n d  t h a t  t h e s e  ( o r  a n y  o t h e r )  f i s h  c o u ld  
n o t  s u r v iv e  s u c h  a n  e v e n t .
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S tu d ie s  c o n t in u in g  o n  m o r e  a n i m a l s  a r e  s t r e n g th e n i n g  th e  
h y p o t h e s i s  o f  in  v iv o  c lo t t in g  f r o m  a  v a r i e t y  o f  c o n d i t i o n s ,  a s  
m e n t io n e d ,  r e s u l t i n g  in  a t  l e a s t  m o r b i d i t y  ( f i r s t  m i l k f i s h  a b o v e )  
o r  th e  f in a l  c a u s e  o f  d e a t h  ( r e m a i n i n g  t h r e e  m i l k f i s h  a b o v e ) .  T h e  
c o n d i t io n s  t h a t  i n i t i a t e d  c lo t  d e v e lo p m e n t  in  th e  f i r s t  a n d  f o u r t h  
m i l k f i s h  o f  t h i s  s tu d y  a r e  n o t  c l e a r ;  b u t  h y p o x ia - in d u c e d  v e n t r i c u l a r  
f i b r i l l a t i o n ,  r e s u l t i n g  in  b lo o d  s t a s i s  in  th e  h e a r t ,  i s  p r o b a b ly  th e  
c a u s e  o f  th e  c l o t s  in  tire  o t h e r  tw o  o c e a n - c a u g h t  f i s h ,  a n d  m a y  a l s o  
h a v e  b e e n  in v o lv e d  in  f o r m in g  th e  c lo t  in  th e  p o n d  f i s h .  In  m a n y  
c a s e s ,  th e  c o n d i t i o n s  i n i t i a t i n g  c lo t  d e v e lo p m e n t  m a y  n o t  b e  e v id e n t ,  
b u t  th e y  m a y  b e  c o n s i d e r e d  o r  a c a d e m ic  c o n c e r n  b e c a u s e  th e  c l o t s  o n c e  
f o r m e d  b e c o m e  th e  p r i n c i p a l  p r o b l e m . T h e r e f o r e ,  e f f o r t  i s  b e in g  
d i r e c t e d  a t  e v a lu a t in g  t e s t s  f r o m  h u m a n  c l i n i c a l  l a b o r a t o r y  m e d ic in e  
to  d e t e c t  c lo t t i n g  in  i t s  e a r l i e s t  s t a g e s ,  a n d  o f  w a y s  to  s to p  i t s  
f u r t h e r  p r o p a g a t io n  in  th e  l iv e  a n i m a l .
Im m u n e  S t a tu s  o f  M i lk f i s h
A p o s s ib l e  q u ic k  a n d  e a s y  m e th o d ,  a d a p te d  f r o m  h u m a n  c l i n i c a l  
l a b o r a t o r y  m e d i c i n e ,  w a s  t e s t e d  f o r  a s s a y i n g  th e  p r e s e n c e  a n d  
c o n c e n t r a t i o n  o f  p r o t e c t i v e  a n t i b o d i e s  in  m i l k f i s h .  T h e  m e th o d ,  k n o w n  
a s  r a d i a l  im m u n o d i f f u s io n  ( R . I . D . ) ,  c o n s i s t s  o f  a p p ly in g  s a m p l e s  o f 
e x t r a c t - - i n  t h i s  c a s e ,  f r o m  m i l k f i s h  l e n s  n u c le i  (a n  e a s i l y  o b ta in e d  
a n d  s t o r e d  s o u r c e ) - - o n  a  g e l  c o n ta in in g  a n t i s e r u m  a g a i n s t  a n t i b o d i e s .  
P o s i t i v e  r e s u l t s  a r e  p r o d u c e d  in  th e  f o r m  o f  r i n g s  o f p r e c i p i t a t e  
a r o u n d  th e  s i t e s  o f s a m p le  a p p l i c a t i o n .  In  th e  m i l k f i s h ,  s o m e  
v a r i a t i o n  in  c o n c e n t r a t i o n  o f  p r e c i p i t a t e  a m o n g  i n d iv i d u a l s  w a s  
o b s e r v e d ,  b u t  r e s u l t s  w e r e  a l l  c l e a r l y  p o s i t i v e .  T h e y  s u g g e s t  t h a t  
R . I . D .  c a n  b e  a p p l i e d  a s  p r a c t i c a b l e  m e th o d  in  m i l k f i s h  c u l t u r e  f o r :
a )  F o l lo w in g  th e  c h e m i c a l  i m m u n e  r e s p o n s e  o f  in d iv id u a l s  
in  b o th  h e a l t h  a n d  d i s e a s e  ( p o s s ib ly  u s in g  b lo o d  o r  s k in  
m u c u s  f o r  t h i s ) ,  a n d
b )  D i f f e r e n t i a t i n g  m i l k f i s h  s to c k s  w i th  v a r y i n g  d e g r e e s  o f  
a n t ib o d y  p r o d u c t i o n .  T h o s e  w i th  the  h i g h e s t  t i t e r s  m a y  
b e  m o s t  u s e f u l  f o r  p o n d  c u l t u r e .
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H y p e r s e n s i t i v i t y  R e s p o n s e s  to  M ilk f is h  S e r u m
T h e  c o m m o n  H a w a i ia n  s e a  c u c u m b e r ,  H o lo th u r i a  c i n e r a s c e n s , 
r e s p o n d s  w i th  s e v e r e  c o n t r a c t i o n s  o f  i t s  b o d y  w a l l  m u s c u l a t u r e  to  
c o n ta c t  w i th  d i lu t e d  m i l k f i s h  s e r u m .  T h i s  r e s p o n s e  a p p e a r s  to  b e  
im m u n o lo g ic  in  n a t u r e ,  a n d  d e s e n s i t i z a t i o n  i s  p o s s i b l e  l e a d in g  to  
im p r o v e d  h e a l t h  a n d  lo n g e v i ty .  F o l lo w  up  s t u d i e s  a r e  a t t e m p t i n g  t o  
e v a lu a t e  t h e  s e a  c u c u m b e r / m i l k f i s h  s e r u m  s y s t e m  f o r  i n v e s t i g a t in g  
im m u n o lo g ic  r e s p o n s e s ,  s t r e s s  r e s i s t a n c e ,  a n d  lo n g e v i ty  in  a n  
i n v e r t e b r a t e  g e n e r a l l y  c o n s i d e r e d  a n c e s t r a l  to  f i s h e s  a n d  o t h e r  
v e r t e b r a t e s ,  in c lu d in g  m a n .  A p p l i c a t i o n  a n d  b e n e f i t s  to  t h e  l a t t e r  
g r o u p  a r e  a n t i c ip a t e d  f r o m  t h i s  b a s i c  r e s e a r c h .
T a g  D e v e lo p m e n t  a n d  T r a c k i n g
T h e  c o n v e n t io n a l  a c o u s t i c  f i s h  t a g ,  a  p i n g e r  w h ic h  p e r i o d i c a l l y  
e m i t s  a  s h o r t  p u l s e  o f  h i g h - f r e q u e n c y  s o u n d , h a s  b e e n  in  u s e  f o r  
m a n y  y e a r s ,  w i th  c o n s i d e r a b l e  s u c c e s s  in  l a k e s ,  r i v e r s  a n d  e s t u a r i e s .  
F o r  e x a m p le ,  p i n g e r s  f a c i l i t a t e d  m u c h  of w h a t  is  k n o w n  a b o u t  t h e  
h a b i t s  o f s a lm o n  in  o u r  w a t e r w a y s .
T h e  s im p le  p i n g e r  f a i l s  in  th e  o p e n  s e a ,  h o w e v e r ,  b e c a u s e  i t  
p r o v i d e s  o n ly  o n e  d i m e n s io n  o f  t h e  r e q u i r e d  t r a c k i n g  i n f o r m a t io n ,  
d i r e c t i o n  l e a v in g  d i s t a n c e  a n d  d e p th  a l m o s t  i m p o s s i b l e  to  e s t i m a t e .
A  l e s s - k n o w n  b u t  v e r y  e f f e c t i v e  d e v ic e ,  th e  a c o u s t i c  t r a n s p o n d e r  
F i g .  4 ,  i s  a b le  to  p r o v id e  t h e s e  m i s s i n g  d i m e n s i o n s ,  w h i l e  a t  t h e  s a m e  
t i m e  m a k in g  m o r e  e f f i c i e n t  u s e  o f i t s  b a t t e r i e s . B r i e f l y ,  th e  t r a n s p o n d e r  
c o n ta i n s  a  s e n s i t i v e  a c o u s t i c  r e c e i v e r ,  a n d  o n ly  e m i t s  i t s  p u l s e s  u p o n  
h e a r i n g  a  c o d e d  s i g n a l  f r o m  th e  t r a c k i n g  e q u ip m e n t .  R a n g e  i s  d e r i v e d  
f r o m  t h e  r o u n d - t r i p  t r a v e l  t i m e  o f t h e  i n t e r r o g a t i n g  a n d  r e s p o n d i n g  
s i g n a l s .  T h e  r e s p o n d i n g  s i g n a l  m a y  b e  c o d e d  to  p r o v id e  d e p th  o r  
o t h e r  a d d i t i o n a l  i n f o r m a t i o n .
T r a c k i n g  r e q u i r e m e n t s  o f  o n e  k m  f o r  r a n g e  a n d  3 0 0  m  f o r  d e p th  
in  t h e  o p e n  o c e a n ,  a n d  l e s s e r  v a lu e s  in  c o a s t a l  w a t e r s ,  a r e  a d e q u a te  
f o r  n a v ig a t io n  o f s m a l l  c r a f t  to  k e e p  a  m i g r a t i n g  m i l k f i s h  in  s ig h t  o n  
t h e  s o n a r  s c r e e n .  T h e s e  r e q u i r e m e n t s  c a n  b e  m e t  b y  a  c o m m e r c i a l l y  
a v a i l a b l e  h i g h - r e s o l u t i o n  s o n a r  s e t  ( W e s m a r  2 0 0 A B , W e s t e r n  M a r in e  
E l e c t r o n i c s ,  S e a t t l e ,  W a s h in g to n ) ,  s u i t a b l y  m o d i f ie d ,  in  c o n ju n c t io n  
w i t h  a  t r a n s p o n d in g  t a g  w h ic h  c a n  d e l i v e r  o n e  w a t t  o f  a c o u s t i c  p o w e r .
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A d u l t  m i l k f i s h  d i s s e c t e d  sh o w  l a r g e ,  e lo n g a t e d  s w im  
b l a d d e r s ,  e x te n d in g  o v e r  a b o u t  h a l f  t h e i r  b o d y  l e n g t h .  T h e  
a c o u s t i c a l  t a r g e t  s t r e n g t h  o f  s u c h  a n i m a l s  i s  20 to  25 d b  f o r  
a n  e f f e c t i v e  s o u r c e  l e v e l  o f  1 ,2 0 0  w a t t s ,  w i th  d i r e c t i v i t y  in d e x  
o f  18 d b  w i th  r e s p e c t  to  a n  i s o t r o p i c  s o u r c e .  T a k in g  th e  a c t i v e  
s o n a r / p a s s i v e  t a r g e t  c a s e ,  a n d  a l lo w in g  a n  e c h o  s i g n a l - t o - n o i s e  
r a t i o  o f  /  6 d b , th e  m a x i m u m  a l lo w a b le  t r a n s m i s s i o n  l o s s  i s  
87 d b  f o r  t r o p i c a l  o c e a n ic  c o n d i t i o n s .  T h i s  m u c h  l o s s  w i l l  
o c c u r  in  s o m e w h a t  o v e r  100 y a r d s  ( 9 0 .7 7 m ) .  F o r  a  s c h o o l  
o f , s a y ,  100  f i s h ,  t h e  r a n g e  a b o u t  d o u b l e s .  T h u s  a n  u n ta g g e d  
i n d iv id u a l  ( o r  s c h o o l)  c a n  b e  r e l i a b l y  d e t e c t e d  o n ly  i f  it i s  l e s s  
t h a n  100 y a r d s  ( 9 0 .7 7  m )  o r  2 0 0  y a r d s  ( 1 8 1 .5 4  m )  a w a y .
F ig .  4 T ag g in g  and t r a c k in g  in fo r m a t io n
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I n t r o d u c in g  a  1 - w a t t  t r a n s p o n d e r  h a s  th e  e f f e c t  o f  i n c r e a s i n g  th e  
a p p a r e n t  t a r g e t  s t r e n g t h  o f  a  t a g g e d  f i s h  to  / 7 5  d b , a n  o v e r a l l  i n c r e a s e  
o f  100  d b .  A l lo w in g  th e  s a m e  e c h o  s i g n a l - t o - n o i s e  r a t i o  a s  b e f o r e ,  
th e  m a x im u m  d e t e c t io n  r a n g e  i s  n o w  1 ,3 0 0  y a r d s  ( 1 ,1 8 0  m ) ,  w h ic h  
m a t c h e s  w e l l  w i th  th e  1 k m  d i s p l a y  r a n g e  o f th e  W e s m a r  s o n a r .
T h e  W e s m a r  s o n a r  h a s  b e e n  i n s t a l l e d  a n d  m o d i f i c a t i o n s  d e s ig n e d  
a n d  t e s t e d  to  p r o v id e  a n  i n t e r r o g a t i o n  s i g n a l .  A  p r o to t y p e  t r a n s p o n d e r  
h a s  b e e n  d e s ig n e d  a n d  d u m m y  t a g s  f i t t e d  to  l iv e  a d u l t s .
N o a t t e m p t  h a s  b e e n  m a d e  y e t  to  m i n i a t u r i z e  th e  t r a n s p o n d e r  
c i r c u i t ,  a s  t h i s  w i l l  r e q u i r e  t o o l in g  t h a t  i s  c i r c u i t - d e p e n d e n t .  H o w e v e r ,  
n o  p r o b l e m s  in  t h i s  r e g a r d  a r e  a n t i c i p a t e d  a n d  th e  t r a n s p o n d e r 's  b a t t e r y  
w i l l  b e  i t s  l a r g e s t  c o m p o n e n t .
A c k n o w le d g e m e n ts
In  a d d i t i o n  to  th e  tw o  a u t h o r s  o f  t h i s  r e p o r t  to  th e  C o n f e r e n c e ,  
o t h e r  s e n i o r  s c i e n t i f i c  s t a f f  in v o lv e d  in  th e  p r o g r a m  a r e  G uy  N . R o th w e l l ,  J r .  
( e l e c t r o n i c  e n g in e e r in g )  a n d  A l b e r t  C . S m ith ,  P h . D . ,  M .D .  (p a th o lo g y ) .  
T h e  t e a m  i s  b a c k e d  b y  th e  s c i e n t i f i c  a n d  t e c h n i c a l  a q u a c u l t u r e  s t a f f  o f 
th e  O c e a n ic  I n s t i t u t e  in  H a w a i i .
